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Abstract 
This study develops the disaggregated energy use and greenhouse gas (GHG) emission 
footprint for Spain’s residential, commertial, transport and industry sectors. Currently, only 
high-level aggregated analysis at the sectoral and regional levels exists in the literature. 
Through bottom-up energy demand tree development, we identified end-use processes for 
each subsector and end use of those sectors. The energy intensities for each end-user 
were calculated and used in a bottom-up energy- environmental model to determine the 
associated end-use process GHG emissions. The results were then used to develop 
Sankey diagrams that allow us to visualize the energy and GHG emissions flows from 
resource to end use by energy use sector, fuel type, and various jurisdictions in Spain. The 
overall energy and GHG emission intensities for Spain is 272.2 MtCO2eq  where the 
transport sector is the highest emittant 91.2 MtCO2eq in 2016. Total energy consumption is 
5359Pj where the transport sector is the highest consumer, 1284 PJ. The results from this 
study provide benchmarks to develop energy savings and GHG mitigation strategies useful 
for decision making. 
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1. Introduction 
Energy is the core of the global economy and improves the standard of living in today’s 
world. The worldwide energy consumption has increased by around 44% in the last 20 
years [1] in order to satisfy the industrial progress and population growth. Energy 
consumption is mainly from solid and liquid fossil fuels and its combustion has a negative 
impact on the environment, contributing to global warming.  
Energy efficiency improvements, as well as the transition to renewable energies, play a key 
role in order to control and reduce GHG emissions Energy flows are the most important part 
of an energy balance (stocks and statistical differences are also included). They show the 
relationship and flows from energy resources (primary energy) to end use (final demand), 
helping to analyze the energy system of a country, region or sector. In contrast to tables or 
spreadsheets, flow diagrams provide a visual and compressive way developing an energy 
route without limitations in terms of axes or patterns. Flow diagrams can represent the 
imports and export flows showing the energy dependence of a country or region, identify 
areas where alternatives energies can be incorporated, and identify potential areas of 
energy savings. Useful energy is the energy delivered by conversion devices in the form 
required to provide an energy service [2]. Hence, analyzing useful and rejected energy is 
crucial to understand the energy efficiency and the potential savings on each economic 
sector.  
Several governmental institutions provide information about energy balance and GHG 
emissions. The IEA provides energy balance for 150 countries and regions with a specific 
analysis [3]. This information is obtained by purchase and only highlights are available for 
free. Eurostat records an energy balance for the European Union as well as an individual 
analysis of all states members [4]. The IDAE (The Spanish Institute for the Diversification 
and Saving of Energy) provides Spain’s energy balance from 1999 to 2016 [5] and the SEI 
(Spanish Inventory System) [6]  shows energy demand for sectors as well as a breakdown 
of some subsectors.  
Although global energy consumption has increased during the last two decades, the 
European Union (EU-28) has dropped its inland energy consumption more than 3% [1]. The 
EU energy reduction started after signing the Kyoto Protocol where the EU accepted a 
quantitative absolute reduction of 8% of its GHG emissions from 2008 to 2012 [7], this first 
commitment was successfully achieved. In 2013, the Kyoto second commitment was signed 
where EU countries agreed to meet a 20 % reduction target compared to 1990 before 2020 
and 20% of energy from renewable energy sources [8]. In 2016 the Paris Agreement was 
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signed with a central aim of keeping the global temperature rise this century well below 2 
degrees Celsius above pre-industrial levels and to pursue efforts to limit the temperature 
increase even further to 1.5 degrees Celsius [9].Thus, all  EU member states have activated 
different mechanisms to support the development of renewables in order to reach the 
agreed mandatory targets [10].  
As member of the EU, Spain is addressing new mechanisms and policies in order to reduce 
greenhouse gas emissions, increase energy efficiency, and expand the use of RES. Earlier 
studies have quantified several measures implementations analyzing the probability of 
achieving the objectives fixed by the EU. Roman et al. [11] analyzed the effectiveness and 
economic efficiency of energy saving measures implemented in Spain. They exposed the 
necessity of centralizing the administration responsible for accounting the energy savings 
that result from the measures implemented. The responsibility for implementation is 
decentralized by regional and local administrations entailing an arduous work on its 
evaluation. Ruiz - Santana [12] also offered an analysis of  the efficiency in energy 
consumption  by region. Others studies focused on the price of energy efficiency in the 
Spanish car or housing market [13] [14].  
Regarding renewables energies, in 2013, Spain retroactively modified the remuneration 
system for renewable energy (Royal Decree 9/2013). As a result, the rate of return of wind 
energy was reduced to 7%, causing a severe contraction in the compensation of wind 
power facilities. [15] The case of solar energy is not better, the measures applied to promote 
solar thermal have been found to be insufficient [16].Hence, Spain needs to implement new 
policies in order to achieve the energy targets for 2020 [15]. 
Regarding international energy flow, in 2016, Spain energy dependence was 71.9%, which 
means most of the energy needs were provided by imports  resources [17]. Its dependency 
is higher than the EU average (54%). In addition, most of the imports are fossil fuels 
resources like crude oil or natural gas that contribute to global warming.  
One of the novelties of this study is the estimation of useful and rejected energy for Spain in 
2016. There are updated official useful energy balances being published by governmental 
agencies. However, those data are essential to allow a complete map of Spain’s energy 
flow.  A first attempt was undertaken by Eurostat in 1978 providing useful energy demand 
balance data. Useful energy was calculated by multiplying final energy by the efficiency of 
approximately 30 appliances, for a various set of fuels, distinguishing between 3 sectors 
(industry, transport, and buildings” [20]. More recently, in 2011, Lawrence Livermore 
National Laboratory (LLNL) published flow charts for several countries where useful and 
rejected energy were also evaluated.  Those countries, included Spain [21], assumed the 
percentage of rejected energy estimated for the United States in 2005 [22-24]. There are 
some useful energy methodologies developed at European level  but only for heating and 
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cooling energy demand [25]. Recently, Paoli et al [2] have provided a methodology to 
estimate useful energy and its uncertainty applied for the UK case..  
Another novelty of this study is the use of Sankey diagrams to illustrate the disaggregation 
of energy use and GHG emissions for Spain and for different sectors: residential, 
commercial and services, industry and transport. Sankey diagrams have been used as an 
effective tool to focus on energy flow and its distribution across various energy systems.  It 
is represented by arrows, whose width represents the magnitude of the flow [7].  
International organizations such as the European statistical office (Eurostat) or the 
International Energy Agency (IEA) have developed interactive tools to visualize energy data 
by means of Sankey diagrams. Those tools allow everybody to build and customize their 
own diagram by playing with different options (country, year, fuel, level of detail, etc.) [18, 
19]. Sankey diagrams can be also used for more purposes than energy flow. GHG emission 
results are usually shown through tables, bar charts or pie charts. 
The objective of this study is to develop a complete map of energy flow from primary to end-
use energy for Spain in 2016 and provide a comprehensive analysis of the GHG, create 
Sankey diagrams to illustrate the energy flow and the GHG emissions at the sector and 
subsector level and  provide an estimation of the useful and rejected energy. 
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2. Method 
2.1. Energy modeling 
LEAP is the acronym of The Long-range Energy Alternatives Planning system and can 
be used to create models of different energy systems, where each requires its own 
unique data structures, being sufficiently flexible and transparent to allow incorporate 
data and results from other more specialized models [26]. LEAP has been used for 
energy systems planning, sector level analysis, GHG mitigation analysis  and other 
purposes. The LEAP methodology is a bottom-up process that allows technology-
explicit modeling. End-use energy data is provided to LEAP as the lowest level where 
fuel resources are considered at the top level.  
 
2.2.  LEAP-Spain energy model 
The LEAP model for Spain is made up of three modules: demand, transformation, and 
resources.  The demand module details the end-use energy demand for primary and 
secondary fuels in the five main energy demand sectors in Spain: residential, 
commercial and services, Industry, Transport and AFF (agriculture, forestry, fishing, 
and others are included here). These energy demand sectors are further divided into 
subsectors. For example, the residential sector is divided into single-family houses and 
multi/family houses. In some cases, these subsectors are further divided according to 
end-use energy such as that used for heating, cooking or lighting. The transformation 
simulates energy production from resources that can be either imported or produced 
domestically, showing also losses generated during the processes. The resource 
module deals with the energy sources required according to the demand data and 
transformation calculations. 
The LEAP model has its own built-in database called the Technology and 
Environmental Database (TED) that contains emissions factors for different fuels and 
transformation technologies. Those factors are approaches similar to the ones used by 
the IPCC [27] for National GHG Emissions Inventory Guidelines, getting the GHG 
emission flow from the energy model developed.  
The assumptions and input parameters used for the LEAP model are presented in the 
next section. Next, the methodology for useful energy and Sankey diagrams are also 
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discussed. Finally, the results are presented. 
Data for the LEAP- Spain energy model were found in various reports and databases. 
Although Eurostat report [4] provides extensive energy flow information, more specific 
data can be found in other sources. The necessity of various sources originates slight 
differences in the results obtained. Electricity generation and capacity were derived 
from Red Eléctrica de España (REE) [28] and distribution losses were obtained from 
Eurostat [4]. Energy conversion efficiencies by fuel, the values were obtained from [29]. 
2.2.1. Residential sector 
Data for the residential sector by fuel and the end-use category was derived from IDAE 
[30] . Dwelling’s breakdown was estimated using Sech-Spahousec report [31]. This 
report provides the residential energy demand by fuel, end-use category, and type of 
dwelling in Spain in 2011. End-use devices are divided into space heating, space 
cooling, domestic hot water (DHW), kitchen and lighting and appliance. Assuming the 
same fuel share for 2011 and 2016 and for each type of household, residential demand 
for 2016 could be divided also into two types of dwelling: Single-family and Multi-family 
houses. 
2.2.2. Commercial and services sector 
The commercial and services sector energy demand was derived also from IDAE [32]. 
IDAE provides data by fuel and subsector but not by end-use energy. European 
Commission [33] shows total energy by end-use category until 2014 for the whole 
sector. Data from the latest three years (2012, 2013 and 2014) were used in order to 
estimate the end-use device share in 2016. This allows getting a general end-use view. 
2.2.3. Transport sector 
Transport demand by fuel and by type of transport was also derived from Eurostat [4] 
while the road transport breakdown was obtained from SEI  [6].  
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2.2.4. Industry and AFF sectors 
The industry sector and subsector energy demand were provided by Eurostat [4]. End-
use energy data for this sector were not found. AFF and Non-energy consumption were 
also obtained from the same source.  
2.3. Useful and rejected energy calculations 
Rejected energy refers to ‘‘loss of energy’’ due to system loss, transmission and 
distribution loss, loss of energy because of end-use technology efficiency and also 
losses according to the second law of thermodynamics. Useful and rejected energy 
was assessed using different methods depending on the data available and the 
process analyzed. Pardo et al. [25] proposed a methodology to estimate the EU heating 
and cooling energy demand for the residential, commercial industry sectors based on 
official statistics and reports. The methodology is oriented to identifying the energy 
flows for each specific activity in each EU27 country. Despite the methodology was 
adapted to the available information in 2013, it is enough robust and at the same time 
flexible to be adapted according to new information. Paoli et al. [2] analyzed a complete 
energy flow of useful energy in the UK for residential, commercial, industry, transport 
and AFF sectors. The end use breakdown is slightly different from Pardo et al. and they 
analyzed the uncertainty associated.  On the supply side, electricity and natural gas 
distribution losses were derived from Eurostat [4] while electricity generation losses 
were extracted from the LEAP model developed. 
Table 1 Specific energy efficiency of the equipments by fuel for the  residential 
and commercial sector [25] 
 Fuel   Efficiency 
Coal 0.64 
Oil products 0.78 
Natural gas 0.85 
Biomass 0.64 
Waste 0.64 
Solar 1 
Electricity 1 
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2.3.1. Residential sector 
According with the methodology [25], it is necessary to split the energy 
consumption by type of building (single-family houses and multi-family houses) by 
type of activities (space heating, DHW, cooking, space cooling and lighting and 
appliances) and by type of fuel.  Next step is to consider the energy losses due to 
the transformation of the fuel to cover the useful energy demand for each activity. 
This is achieved by assuming that the equipment has a specific efficiency due to 
the type of fuel which is consuming. ¡Error! No se encuentra el origen de la 
referencia. presents the adopted values in this study for each economical sector. 
Lighting and appliance activity was out of the scope of the previous methodology 
and its energy efficiency conversion is  extracted from Paoli at al. [2]  
 
Expressions proposed by Pardo et al. [25] are used  when the total breakdown, 
energy demand by fuel and activity in each subsector, is not known. Data 
provided by IDAE and the breakdown calculated using SPAHOUSE are specific 
enough. Thus, the expressions to estimate the heating and cooling demand in 
residential sector have been slightly modified in order to use the real energy data. 
They are represented by Equations (1) and (2) where Uheat, fuel, act,sub is the 
useful heat by fuel and activity in each subsector, Fheat, fuel,act, sub is the final 
heat by fuel and activity in each subsector and   ɳfuel/heat, is the efficiency to 
produces heat by fuel. The nomenclature for cooling, Equation (2), follows the 
same logical than for heating and only substitutes the sub-index heat by cool. 
 
 
2.3.2. Commercial and dervices sector 
The methodology for this sector is equivalent to the one used for the residential 
sector. The starting point is the statistic information about the final energy 
consumption. In this case there is no energy demand data available by fuel and 
activity in each subsector.. The only use of electricity for the space cooling and 
lighting and appliance is assumed in this sector. Rests of fuels assume the same 
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share for every subsector. Conversion efficiencies are the same used in 
residential sector. 
Equations (3) and (4) show the analytical expressions to represent the 
methodology applied to estimate the heating and cooling demand in this sector 
where Uheat, fuel, act,SSser is the useful heat by fuel and activity in a subsector, 
Fheat, fuel, Sser is the final heat by fuel in the commercial  sector, αsub is the 
share by subsectors, αfuel, act, heat, SSserv is the share of heat by fuel and 
activity in a subsector, and ɳfuel/heat is the efficiency to produces heat by fuel. 
The nomenclature for cooling. Equation (4), follows the same logic than for 
heating and only substitutes the sub-index heat by cool. 
 
 
2.3.3. Transport sector 
Transport policy has been one of the EU’s common policies for more than 30 
years [34]. This has created a common transport market in Europe where similar 
efficiencies can be assumed. This study uses the same values calculated for 
Paoli et al. and shown in Table 
Table 2 Average conversion efficiencies for transport subsector [2] 
Subsector Efficiencies [%] 
Road 25.1 
Rail 72.7 
Aviation 38 
Navigation 39 
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2.3.4. Industry and AFF sectors 
Data for end use activities were not found for industry and AFF sectors. Results for the 
whole sector are estimated assuming the same activity share and conversion efficiency 
used by Paoli et al. [2] 
2.4. Developing  Sankey 
All diagrams presented in this paper were produced using eSankey! Software [35]. 
They represent the energy flow or GHG emissions from one point to another where the 
thickness of the flow arrow is proportional to the quantity of energy or emissions. The 
flows start at a resource and end at an end-use sector or technology. Sankey diagrams 
were drawn using mainly data output from LEAP.  
2.4.1. Energy Sankey 
 
Figure 1 Sankey structure for Spain’s energy flow 
The energy Sankey diagrams help in understanding the energy balance in Spain during 
2016. For this study, we analyzed energy flow in each of the energy demand and 
supplysectors, where end-use energy and energy losses are also included. The Sankey 
diagrams illustrate the flow in PJ (Petajoules) and the structure used is shown in Figure 
1.Supply and energy transformation data were extracted from LEAP. On the supply 
side; the LEAP model developed, provides the primary energy supply but without 
information about indigenous production or imports. In order to ensure a more 
comprehensive analysis, imports, exports, and stock changes were derived from 
Eurostat [4]  and mapped on the Sankey diagram. Rejected and useful energy in each 
sector was calculated as is shown in section 2.3. Energy flows less than 0.05 PJ are 
not shown in the diagrams to avoid visual clutter. Totals summed from the flows may 
not be exactly equal to the module total due to rounding. 
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2.4.2. GHG Sankey 
 
Figure 2 Sankey structure for Spain’s GHG emission 
The GHG Sankey diagrams illustrate the flow of GHG emissions in megatons [MT] of 
carbon dioxide equivalent [CO2e]. The flow starts at a resource and ends at an end-use 
sector or technology, as it is shown in Figure 2. Only energy emissions are representing 
in the diagrams. Fuel combustion emissions are estimated using LEAP.  Fugitive 
emissions are also included showing any non-combustion emissions such as fugitive 
emissions.  
 Emissions associated with the industrial processes and product uses (IPPU) from non-
energy consumed are not considered. Land use, land-use change, and forestry 
(LULUCF) and agriculture emission and waste and are also not included in this study.  
The electricity sector is represented by an “electricity generation” module in the 
diagrams, as shown in Figure 2. There are also arrows connecting the electricity 
generation module to the end-use sectors that consume electricity. These arrows 
represent the GHG emissions released during electricity generation and are 
proportional to the amount of electricity used by each demand sector. The numbers 
displayed on the diagrams for these arrows are not included in the end-use sector’s 
emission count to avoid double counting; they are only accounted for as a total release 
from the electricity generation module. Emission flows less than 0.05 MT CO2e are not 
shown in the diagrams to avoid visual clutter. Totals summed from the flows may not be 
exactly equal to the module total due to rounding. 
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3. Results and Discussion 
3.1. Energy Sankey 
3.1.1. National energy balance 
 
Figure 3 Sankey diagram showing energy flow for Spain in 2016 
The total primary energy supply in Spain’s energy flow using LEAP was estimated to 
be, 5359 PJ as it is shown in Figure 3, matching close to the Eurostat’s 5407 PJ [18], 
and to IEA’s result 5405 PJ [19].  The model shows that 4026 PJ of the total energy 
(75.12%) came from fossil resources followed by renewables (680 TJ, 12.74%) and 
nuclear (631 TJ, 11.78%). Most of the primary energy in Spain in 2016 was from crude 
oil (47.77%), Natural Gas (19.18%), Nuclear (11.78%), solid fuels (8.16%), biomass, 
biofuel and waste (6.11%), hydropower (2.31%) and rest of renewables (4.32%). Table 
3 shows the differences in the primary requirements between the data extracted from 
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Eurostat and the results obtained using LEAP. Most of the resources match close to 
LEAP except renewables and biomass (It includes also biofuel and waste). 
Nevertheless, IEA’s energy flow [19] shows the primary energy biomass, biofuels and 
waste is 337 PJ (stock changes includes) which match better with our results. 
Regarding renewables sources, differences are due to considerations in electricity 
generation efficiency where LEAP considers that the process of electricity generation 
from renewable resources has an efficiency of 100%. 
Table 3 Primary resources difference. 
Primary 
Requirements (PJ) 
Eurostat Data LEAP Results Difference 
Solid Fuels 426.7 437.4 2% 
Natural Gas 1048.4 1028.0 2% 
Hydropower 131.0 123.7 6% 
Renewables 309.1 231.7 25% 
Nuclear 633.2 631.1 0% 
Biomass 279.0 327.6 17% 
Electricity 27.6 19.4 30% 
Oil Products 2552.0 2560.1 0% 
Total 5407.1 5359.0 1% 
 
Of the total flow, 5195 PJ was from imported sources and 1492 PJ was from in-country 
sources, stock changes are included.  The surplus of energy corresponds to the 
exports (1291 PJ). Importations are mainly from crude oil and oil products (72.4%) and 
natural gas (24%). Electricity (1.6%), solid fuels (1.5%) and biomass (0.6%) also 
required imported energy. Statistical differences were calculated based on the primary 
energy estimated with LEAP and the imports, exports, and stocks extracted from 
Eurostat. 
Spain’s electricity generation in 2016 was 926.4 PJ, including pumping energy,  with a 
renewable share of 40.3% and 59.7% for non-renewable energies. Nuclear (21.8%) is 
the main resource for electricity generation, followed by natural gas, wind, solid fuels, 
hydro, solar (PV and thermal), oil products and biomass and biofuels.  
The energy demand consumed in Spain in 2016 was estimated to be 4313 PJ, 
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matching close to Eurostat’s energy demand, 4251 PJ [18]. Small differences are due 
to several sources used for sub-sector demand. The transport sector consumed the 
highest amount of energy, 1778 PJ (41.1%), where 484 PJ, 11.3%, was due to 
international bunkers (international aviation and navigation). The second sector was the 
industry, 1141PJ (26.9%), followed by the residential sector at 637 PJ (15.3%), the 
commercial and institutional sector at 440 (10.7%), and the AFF sector at 120 PJ 
(2.8%). Following sections show detailed Sankey diagrams for every sector and 
subsectors. AFF was not analyzed due to its low energy demand and difficulties in 
finding end-use data available.   
Energy losses and useful energy consumption are also shown in the Sankey diagrams. 
Electricity generation losses were estimated to be 934.7 PJ, matching close to IEA’s, 
1006 PJ.  Transmission and distribution losses were 96.5 PJ for electricity and 15.1 PJ 
for natural gas.. The highest efficiency was found for the industrial sector (91.94 %), 
followed by the services and commercial sector (88.52%), the residential sector 
(83.64% ) and the AFF (82.33%).  The transport sector has the lowest energy efficiency 
(29.94%) and highest energy losses 1237.84 PJ. 
3.1.2. Residential sector 
 
 
Figure 4 Sankey diagram showing energy flow in the residential sector in 2016 
Spain’s residential sector is classified into two subsectors, single-family houses, and 
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multiple family houses. Energy end-use demand in the residential sector is classified 
into five major end uses space heating, space cooling, domestic hot water, kitchen and 
lighting, and appliances. The total energy flow for the residential sector in 2012 is 
illustrated in Figure 4. The total energy demand was 673.3 PJ. Single-family houses 
consumption was estimated 300.6 PJ (44.6%), and multiple families house 336.7 PJ 
(55.4%).  
According to the results, biomass (104 PJ) was only used in single-family houses, 
mainly for space heating (101 PJ), where oil products (49 PJ) and natural gas (49.4 PJ) 
also have high importance. Electricity was the second largest fuel in single-family 
houses (87.5 PJ) used mainly for lighting and appliances.  Natural Gas (28 PJ) had a 
distributed use: space heating (61.7%), kitchen (25.4%) and DHW (12.9%). Renewable 
energy, like solar thermal (9.7 PJ), is mostly used for DHW (8.7 PJ), where a small 
amount of solid fuels (1.7 PJ)  was also used. Electricity (163.3 PJ) was the dominant 
source for multiple families’ houses, mostly used in lighting and appliances, Natural gas 
demand (117.1 PJ) was four times higher than for singles houses, its share was 50% 
for DHW, 42.6% for Space heating and 7.4% for kitchen. Oil products (54 PJ) were 
mainly used for space heating and the use of renewables (0.7 PJ) was fourteen times 
lower than single-family houses. Biomass for multiple family houses was negligible.   
The highest demand in the residential sector was in space heating at 274.6 PJ (43.1 
%), followed by lighting and appliances at 184.5 PJ (28.9 %), DHW 122.1 PJ (19.2 %), 
and kitchen 50.3 PJ (7.9 %) and Space cooling 6.0 PJ (0.9 %). The total useful energy 
was estimated to be 506  PJ  (83.64%)and the total rejected energy is about 131 PJ. 
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3.1.3. Commercial sector 
 
Figure 5 Sankey diagram showing energy flow in the commercial and services 
sector in 2016 
Spain’s services and commercial sector is classified into five subsectors: Offices, health 
care, Wholesale and retail trade, Education and other sectors. Energy end-use is 
classified into space heating, space cooling, domestic hot water, kitchen and lighting, 
and appliances. The total energy flow for services and the commercial sector in 2016 is 
illustrated in Figure 5. The total energy demand estimated was 440. The highest 
demand is in wholesale and retail trade (36 %), followed by offices (29.7%), health care 
(10.1%), hotels and restaurants (8.7%), education (2.8 %) and other sectors (12.7%).  
According to the results, electricity (258.9 PJ) was the dominant source, not only for the 
sector but also for all of its subsectors. Hotels and restaurants had the highest 
electricity percent share (65.4%), but wholesale and retail trade had the highest amount 
of it, 86.3 PJ. The second source was natural gas (125.9 PJ), mainly used in trade 
(45.5%) and in offices (21.2%). Oil products (53 PJ) and solar energy (2.5 PJ) had 
lower importance. 
 The lack of end-use energy data for subsectors made difficult estimate its end-use 
energy demand. Only end-use energy demand for the entire sector is presented [33]. 
The highest demand was in space heating at 167.1PJ (37.9 %), followed by kitchen 
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78.9 PJ (17.9 %), lighting and appliances at 76 PJ (17.26 %), DHW 63.6 PJ (14.4 %), 
and Space cooling 12.4 PJ (54.7 %). The total useful energy is estimated to be 389.8 
PJ (88.5%) and the total rejected energy is about 50.5 PJ.  
3.1.4. Industrial sector 
 
Figure 6 Sankey diagram showing energy flow in the industrial sector in 2016 
Spain’s Industry sector is classified into fourteen subsectors indicated in Figure 6. The 
total energy for the industry sector using LEAP model was estimated to be 1140.6 PJ.   
The highest demand was in Refineries (30.4%), followed by Non-metallic Minerals 
(Glass, pottery & building mat. Industry) (12%), Iron & steel industry (11.8%), Chemical 
and Petrochemical industry (9.9%), Food and Tobacco (8.7%), Paper, Pulp and Print 
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(6%), Non-ferrous metal industry (4.2%), Construction (3.5%), Machinery (3.5%), Wood 
and Wood Products (2%), Transport Equipment (1.7%), Mining and Quarrying (1.6%), 
Textile and Leather (1.4%) and Non-specified (Industry) (3.3%). 
According to the results, Natural Gas (402.4 PJ, 35.3%) was the dominant source with 
high importance on refineries, Chemical, and Petrochemical industry and Nonmetallic 
minerals. Second fuel was oil products (332.4 PJ, 29.1 %) mainly used on refineries 
(214.2 PJ), followed by electricity (293.6 PJ, 25.7%), biomass (5%) and solid 
fuels(4.8%). The total useful was estimated to be 1050.2 PJ (91.9%) and the total 
rejected energy is about 92 PJ. 
3.1.5. Transport sector 
 
Figure 7 Sankey diagram showing energy flow in the transport sector in 2016 
Spain’s transport sector is classified into five subsectors: rail, road, navigation, aviation, 
and others. The road is also divided into motorcycles, car, light trucks, and heavy 
buses.  The transport sector shows the highest demand for Spain’s energy flow in 
2016, 1284 PJ 1778 PJ if International bunkers were included in the transport energy 
flow.   
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Diesel oil was the main source, not only in transport but also in the national energy flow. 
Diesel oil in transport (1094 PJ) was mainly used on road transport (97.4%). Inside this 
subsector, cars had the highest total and diesel demand, 716.2 PJ (55.8 % of total 
transport demand) and 510 PJ respectively, where gasoline demand was three times 
lower and biogas demand was 30PJ.  Motorcycles (22.1 PJ) basically used gasoline 
(97.3%) and the remaining came from biofuels. Light trucks used mainly diesel oil and 
also bio-fuels but heavy trucks and buses included a small amount of natural gas 
(1.7%) [6].This value differed depending on the source chosen [18]. 
Navigation’s (338.5 PJ) main fuel is residual fuel oil (254.7 PJ) and the remaining is 
Diesel oil.  Jet kerosene was used for aviation (81 PJ) where aviation gasoline 
represented less than 1% share. Navigation domestic transport represents 7.7% of total 
navigation demand, understandable due to Spanish geography which usually makes 
inefficient domestic transport by ship. Domestic aviation represented 32.3% of total 
aviation. Touristic flights and the free trade in the European Union allow continuous 
passenger and freights flows. 
Energy efficiency and losses are crucial in the transport sector. The total useful energy 
is estimated to be 342 PJ (88.5%) and the total rejected energy is about 941 PJ. 
3.2. GHG Sankey 
IEA provides emissions in terms of CO2 which account for the largest fraction, 96% of 
total fuel combustion emissions being a good indicator of the total emissions [36]. SEI 
data follows UNFCCC report parameters in order to be used also by UNFCCC and 
having the same data structure for all Europe. These data are provided in CO2 as well 
as total GHG emissions. IEA and UNFCCC both follow IPCC 2006 guidelines [27]. 
Comparison with both sources was made due to differences in results (¡Error! No se 
encuentra el origen de la referencia.). Some of the reasons for these differences are: 
• The IEA uses a Tier 1 method to compute emissions estimates. For the 
calculation of CO2 emissions from fuel combustion. Spain uses more sophisticated Tier 
2 or Tier 3 method that takes into account more detailed Spain-specific information 
available [36]. 
• Energy activity data based on IEA energy balances differ from those used for 
the UNFCCC calculations.  
• The IEA uses average net calorific values for oil products and carbon content 
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values, where Spain experts have more detailed data on calorific values available when 
calculating the energy content of the fuels. 
• The IEA cannot allocate emissions from auto producers into the end-use 
sectors.  
 
Table 4 CO2 comparison between UNFCCC and IEA results 
Fuel combustion activities  (Mt CO2) SIE/UNFCC IEA  SIE Vs IEA 
Total 275.70 268.37 2.7% 
Energy industries 70.6 86.5 22.6% 
a.  Public electricity and heat production 58.2 66.7 14.5% 
b.  Petroleum refining, manufacture   solid 
fuels and coal mining and oil/gas extraction 
12.3 19.8 60.7% 
Manufacturing industries and construction 39.92 29.50 26.1% 
Transport 85.15 88.80 4.3% 
Commercial/institutional 11.3 10.9 31.9% 
Residential 17.0 16.5 3.7% 
Agriculture/forestry/fishing 11.9 6.4 2.9% 
International bunkers 39.86 36.17 9.3% 
a.  Aviation 15.7 12.3 22.0% 
b.  Navigation 24.2 23.9 1.0% 
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3.2.1. National energy balance 
 
Figure 8 Spain GHG Sankey diagram in 2016 
Sankey diagram (Figure 8) shows Spain’s GHG emissions, of fuel combustion 
activities, estimated using LEAP.  Emission results for 2016 were validated using IEA 
and SEI historical data. Total emissions in 2016 where 272.2 MtCO2e, matching close 
to SEI’s 279.4 MtCO2e (2.6 % of difference). Spain’s largest GHG fuel emitter in 2016 
was estimated to be oil products (177.7 MtCO2e) used mainly in the transport sector, 
followed by natural gas (55.6 MtCO2e), coal (40.5 MtCO2e) and Biomass (1.4 
MtCO2e). Spain electricity generation emitted 59 MtCO2e in 2016, where 40% was 
supplied by non-emitting renewable resources (primarily wind and Hydro). Coal was the 
main emitter in this section due to its high carbon content.  
 Table 5 shows the comparison between IEA and LEAP CO2 emissions by fuel. CO2 
represents 95% of total emissions being a good indicator of the GHG share by fuel.  All 
fuels differ less than 4% being a good indicator in terms of total emissions by fuel. 
Following IPCC 2006, CO2 emissions from biomass combustion for energy are not 
estimated in fuel combustion activities. Table 6 shows the comparison between 
Eurostat, IEA and the results estimated using LEAP. 
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Table 5 CO2 emission comparison by fuel 
Fuel (Mt CO2) IEA LEAP Difference 
Coal 40.4 40.3 0.2% 
Oil 176.0 172.2 2.1% 
Natural gas 57.5 55.5 3.5% 
Total 273.9 268.0 2.1% 
Table 6 comparison by sectors and sub-sectors 
  Eurostat IEA  LEAP  Euros
tat Vs 
IEA 
LEAP Vs 
IEA 
LEAP Vs 
Eurosta
t 
GHG 
EUROSTAT 
GHG 
LEAP 
LEAP Vs 
Eurostat 
Units Mt CO2        Mt CO2 
eq 
  Mt 
CO2 eq 
A. Fuel combustion activities 
(sectoral approach) 
275.7 268.4 261.1 3% 2.7% 5.3% 279.4 272.
2 
3% 
1. Energy industries 70.6 86.5 71.2 23% 17.7% 0.9% 71.1 77.8 9% 
a.  Public electricity and 
heat production 
58.2 66.7 58.6 15% 12.1% 0.6% 58.7 59.0 0.4% 
b.  Petroleum refining 12.3 19.8 12.6 61% 36.4% 2.3% 12.4 18.8 52% 
2. Manufacturing industries 
and construction 
39.92 29.50 28.30 26% 4.1% 29.1% 40.8 30.0 27% 
3. Transport 85.15 88.80 90.50 4% 1.9% 6.3% 86.1 91.2 6% 
a.  Domestic aviation 2.7           2.7 5.8 115% 
b.  Road transportation 80.1 80.4 82.2 0% 2.2% 2.6% 81.1 82.7 2% 
c.  Railways 0.2           0.2 0.2 15% 
d.  Domestic navigation 2.0           2.0 2.1 5% 
e.  Other transportation 0.1           0.1 0.4  
4. Other sectors 40.21 27.40 35.40 32% 29.2% 12.0% 41.0 36.5 11% 
a.  Commercial 11.3 10.9 10.9 4% 0.0% 3.7% 11.4 10.9 5% 
b.  Residential 17.0 16.5 17.4 3% 5.5% 2.4% 18.0 18.5 3% 
c. AFF 11.9   7.1     40.3% 12.1 7.1 42% 
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6. International bunkers 39.86 36.17 35.70 9% 1.3% 10.4% 40.2 36.7 9% 
Aviation 15.7 12.3 12.1 22% 1.2% 23.0% 15.8 12.2 23% 
Navigation 24.2 23.9 23.6 1% 1.3% 2.3% 24.4 24.4 0% 
 
3.2.2. Residential sector 
 
Figure 9 Residential sector GHG Sankey diagram in 2016 
The residential sector is disaggregated by end-use device in Figure 9. Total GHG 
emissions were estimated to be 18.5 MtCO2e, matching close to SEI’s, 18 MtCO2e 
(Table 6). Multiple-family houses GHG flow was 61.2% of the total. Despite energy 
demand was similar for both type of dwellings, biomass used in single-family houses a 
reduction in terms of emissions (38.8%). Electricity for lighting and appliances is shown 
to be the dominant source (12.8 MtCO2e), making up 35% of GHG emissions. Space 
heating is the second largest end-use category (11.1 MtCO2e) where oil products are 
the main source (55%), followed by Natural gas (34.2%). 
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3.2.3. Commercial sector 
 
Figure 10 Commercial and services GHG Sankey diagram in 2016 
The services and commercial sector GHG emissions (Figure 11) were estimated to be 
10.9 MtCO2e, matching close to SEI’s, 11.4 MtCO2e (Table 6). Electricity (18 MtCO2e) 
was the principal fuel emitting in all subsectors, used mainly in trade (6 MtCO2e) and 
offices (5.7MtCO2e). The second emitter was Natural gas (7 MtCO2e) and oil products 
had lower importance, 3.9 MtCO2e. 
GHG emissions are in concordance with energy consumption (Figure 5), the largest 
emitting subsector is in trade (35.6 %), followed by offices (30.4%), health care 
(10.1%), hotels and restaurants (8.8%), education (3 %) and other sectors (12.8%). 
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3.2.4. Industry sector 
 
Figure 11 Industrial sector GHG Sankey diagram in 2016 
Spain’s industry sector GHG emissions (Figure 11) were estimated to 29.7 MtCO2e. 
48.5 MtCO2e if petroleum refineries, manufacture of solid fuels and other energy 
industries are included. SEI’s GHG emissions were 40.8 and 53.2 MtCO2e respectively 
(Table 6) showing 5.9% difference. Energy demand is significantly different depending 
on the source chosen [EUROSTAT] [SEI]. LEAP results match closer to IEA’s CO2 
emissions as it is shown in Table 6, showing 2% difference in the industry sector and 
5.1% in petroleum refineries manufacture of solid fuels and other energy industries. 
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3.2.5. Transport sector 
 
Figure 12 Transport sector GHG Sankey diagram in 2016 
Spain’s transport sector GHG emissions (Figure 12) were estimated to be 91.2 
MtCO2e. SEI’s GHG emissions were 86.1 MtCO2e (Table 6), 5.9% difference. The 
differences are due to energy demand is significantly different depending on the source 
chosen, especially in national aviation, 81.2 PJ [EUROSTAT] or 36.7 TJ [SEI]. LEAP 
results match closer to IEA’s CO2 emissions (1.9% of difference), as is shown in Table 
6. 
National transport emissions in 2016 were primarily due to the burning of gasoline and 
diesel in road transportation. Road was responsible for 90.7% transport emissions while 
road diesel and gasoline were 72% and 15% respectively of total emissions. If 
international bunkers are included (36.7 MtCO2e.) the breakdown changes 
substantially. 24.4 MtCO2e were due to international navigation, mainly residual fuel oil 
(78%) and the remaining correspond to diesel. Jet kerosene was responsible for 
emissions in international aviation, 12.2 MtCO2e. LPG (2.8 MtCO2e) was used in cars 
transport, electricity (1.3 MtCO2e) mainly for rail and other transport activities, and 
natural gas (0.4 MtCO2e) mainly in heavy trucks and buses. 
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4. Conclusion 
Primary fuel to end-use energy flows were mapped through Sankey diagrams for Spain 
and several sub-sectors in 2016. The national diagram shows the energy sources, 
energy conversion, and energy consumption by economic sector, and finally useful and 
rejected energy. 
On the supply side, most of the resources used in Spain in 2016 were imported being a 
country with high energy dependence. Electricity generation was found to be mostly 
based on non- fossil fuels (62%) where nuclear energy represents 21.8% of the total 
electricity generation. On the demand side, the transportation consumed the highest 
energy of all the sectors where road transportation was the highest consumer 
subsector. The low efficiency in this sector originated higher rejected energy. 
The GHG Sankey diagrams show the resources responsible for emissions and the 
economic sectors where the emissions are released. Combustion and fugitive, and 
non-energy emissions were included. The calculated emission totals were compared 
with two governmental agencies and the difference for both cases was less than 3 % 
difference. In 2016, 236 million tons of GHG emissions were estimated, 272 MtCO2eq 
if international bunkers are taken into account. Oil products were mainly was 
responsible for GHG emissions (174.2 MtCO2eq). The electricity generation emitted 56 
MtCO2eq and inland transportation 91.2 MtCO2eq made up the majority of emissions 
due to the use of oil products.  
This study can identify the energy flow from primary resources to end-use demand and 
the useful energy for various economic sectors. This, together with the GHG emission 
estimated, can help to identify which sectors have more potential to improve in terms of 
energy efficiency and GHG emissions.  This information can be used in order to 
formulate effective measures or policies for future years. 
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